Free flavins have been extracted from shoots of etiolated corn (Zea mays L., var. Burpee Snowcross) and from yeast cells and separated from other substances by absorption on resorcinol-formaldehyde resin and talc columns and by thin layer chromatography. Riboflavin was the only free flavin present. Extracts of etiolated shoots of oats (Arena saliva L., var. Multiline E-69 and Clinford) yielded riboflavin plus a second free flavin previously demonstrated in oats. The areas of the chromatograms expected to contain lumichrome were completely clear. After illumination of any of the three organisms with artificial light (1100 ft-c) or sunlight for 6 hours, lumichrome (7,8-dimethylalloxazine) was found. In corn shoots after irradiation by sunlight, the amount of lumichrome present was equivalent to 2.5% of the total free flavin. Lumichrome was identified by thin layer chromatography in six solvent systems (including two two-dimensional systems), by its characteristic fluorescence in acetic acid, by its absorption spectrum, and by formation of a characteristic hydrate in ammonia-containing solutions. A comparison was made with in vitro photolysis of riboflavin and the possible role of photolysis of riboflavin (either free or bound) and of lumichrome formation in photo-responses of plants is discussed. Placing the shoots in the dark for 4 hours after irradiation in sunlight for 6 hours led to no detectable loss of the lumichrome which had been formed.
Any photoreaction of flavins in vivo is of interest because of its possible role in photoresponses of plants. Decomposition of riboflavin by light in vivo is suggested by a report of Naik and Narayana (8) that light decreased the content of riboflavin (I) in seedlings of Bengal gram (Cicer arietinum L.). A compound with a bluish fluorescence and the same chromatographic behavior as lumichrome (II) was also detected but only in seedlings grown in light. Schopfer (9) reported the presence of both lumichrome and lumiflavin in vacuoles of cells, but without details of the determination. Stocks (11) obtained suggestive evidence that these compounds, plus several others, may exist in plants cultured in a solution containing riboflavin, while Hotta and Ando (3) reported conversion of riboflavin to flavoviolet (1-ribityl-a-oxo-3-hydroxy-6, 7-dimethylquinoxaline) in the leaves of pea shoots (action of light was not implicated). An version of riboflavin to lumichrome and ribitol in tissues of spider lily (Crinum longifolium) (6) and in water cress (Nasturtium officinale R. Br.) (12) in the absence of light.
The present report establishes the formation of lumichrome, presumably from either free or bound riboflavin, by the action of light on etiolated shoots of corn and oats and on yeast cells.
MATERIALS AND METHODS
Growth and Preparation of Tissues. Seeds of corn (Zea mays L., var. Burpee Snowcross) and oats (Avena sativa L., var. Multiline E-69 and Clinford) were surface sterilized by soaking in 0.05% sodium hypochlorite for 20 min. After thorough rinsing with distilled water, the seeds were placed in staining dishes; those of corn were covered with 1 inch of Vermiculite, and the oats were placed between moist sheets of filter paper. For the 1st day the tops of the dishes were covered with aluminum foil. During the period of germination and growth of the seedlings, the dishes were kept in total darkness, and the seedlings were exposed to the red and yellow light of the laboratory only during watering and harvesting.
The room in which the seedlings were handled and in which all experiments were conducted was lighted by one 15-w coral red fluorescent General Electric lamp (major spectral bands at 550 nm, 600 nm, and 700 nm) and by two 100-w tungsten bulbs whose light was filtered with Corning filters (No. 3-67; glass 3482) which cut out all light below 550 nm. The intensity of illumination of the bench top was about 1 ft-c.
Baker's yeast (Saccharomyces cerevisiae Meyer) was cultured in a medium consisting of 30 g of glucose, 3 g of yeast extract, 5 g of peptone, and 3 g of malt extract per liter of distilled water (solid ingredients from Difco Laboratories, Detroit, Mich.). Portions of sterile medium (600 ml each in Fernbach culture flasks) were inoculated with 25 ml of a rapidly growing cell suspension. Cells were grown in the dark and harvested on the 2nd or 3rd day.
Irradiation of Tissues. Seedlings were placed on the 8th or 9th day after planting 15 cm from two 40-w white Westinghouse fluorescent tubes for 6 hr. This exposure gave an average intensity of 1 100 ft-c as determined with a Weston illumination meter (Model 735). For the quantitative study with corn, seedlings were exposed to sunlight for 6 hr. The maximum intensity was 6000 ft-c. Yeast cells were irradiated under the same conditions as used for the seedlings in the Fernbach flasks prior to harvesting.
Shoots of seedlings were harvested by cutting with scissors on the 8th or 9th day after planting. Yeast cells, after irradiation, were collected by centrifugation at 5000 rpm for 20 min. Cells were washed twice with distilled water.
Extraction and Isolation of Flavins. A new procedure for isolation of small amounts of flavins from plant tissues under mild conditions (15) was used. The fresh tissue was homogenized with water in the presence of ammonium sulfate; the homogenate was centrifuged and passed through a resorcinol- Quantitative Determinations. Concentrations of flavins were determined using a fluorimeter constructed by Mr. N. E. Busch of this department. Excitation was with the 360 nm band of the mercury emission spectrum and concentrations were determined using standard curves established with authentic riboflavin (U.S.P., Commercial Solvents Corp.) and lumichrome, prepared previously by E. C. Smith (10) and chromatographically pure.
RESULTS
When free flavins were extracted from shoots of etiolated corn seedlings or from yeast cells and chromatographed on thin layer plates, only riboflavin was observed. From etiolated oat seedlings only riboflavin plus flavin, FX, reported previously by Zenk (17) were found. The area occupied by lumichrome was completely clear.
When extracts were prepared after exposure of any of the three organisms to 1 100 ft-c of white light in the laboratory for 6 hr, a compound which has been identified as lumichrome was found in addition to riboflavin (Fig. 1) . Lumichrome was also found in extracts prepared from 550 coleoptiles from corn seedlings which were exposed to sunlight for 8 hr and in extracts from 7.25 g fresh weight of corn shoots exposed to sunlight with a maximum intensity of 6000 ft-c for 6 hr. Lumichrome remained detectable in samples from corn which were exposed to 8 hr of sunlight and were then placed in the dark for 4 hr before homogenization.
The concentrations of flavins were determined for corn shoots exposed to the 6-hr period of sunlight on the same sample used to obtain Figure 1 FORMATION OF LUMICHROME IN PLANT TISSUES bluish white fluorescence on either side of it, but it was distinctly evident when the sample was spotted heavily as a short band. Photolysis of Riboflavin in Vitro. Aqueous solutions of riboflavin were photolyzed for 6 hr with the same light source used with the seedlings but at a distance that gave an intensity of 20 ft-c with the following results: aerobic solutions gave compound A (1, 14) , a material believed to be the 4'-ketone derived from oxidation of the side chain of riboflavin, as the major product. A substantial amount of lumichrome together with a trace of formylmethylflavin were also present (14) . Degassed solutions gave almost complete conversion to lumichrome with only traces of compound A, formylmethylflavin, and lumiflavin. These conditions of exposure seemed to give far more photolysis than was observed in vivo.
DISCUSSION
The data strongly indicate in vivo formation of lumichrome by the action of light on etiolated seedlings of corn and oats and on yeast cells. Since no trace of lumichrome was found in unirradiated controls and lumichrome is a known product of the photolysis of riboflavin (and its derivatives), we conclude that it is probably formed in tissues from photolysis of riboflavin or other tissues flavin (e.g., FAD or FMN). We cannot completely exclude the possibility that lumichrome arises indirectly, e.g., through stimulation by light of the enzymatic hydrolysis of riboflavin. However, in view of the high efficiency of photochemical cleavage of flavins (7), the most likely site of action of light is directly on flavin molecules. The yield of lumichrome in vivo was such that the reaction could occur at light intensities of phototropic responses (13) .
The question then arises, "why is lumichrome the only photoproduct found in vivo?" During short term photolysis of riboflavin in vitro many other photoproducts are formed (14) . However, these products are themselves sensitive to light and could break down during long, low intensity irradiation. In fact, when riboflavin was irradiated for 6 hr at low intensity in degassed partially anaerobic solutions, lumichrome was the only major product. Under aerobic conditions, the 4'-ketoflavin (compound A) was also formed. The possibility that this ketoflavin is also produced in vivo and enzymatically degraded to lumichrome should be considered.
The production of lumichrome was detected only in nongreen tissues. Etiolated plants are known to be more sensitive phototropically than are green ones, a fact which emphasizes the possibility that photodegradation of riboflavin could play a role in photoprocesses. The end product, lumichrome, is a known inhibitor of flavoenzymes, and Carlile (2) has shown that its inhibitory action in photosensitive tissue is greater in light than in darkness. Yeoh and Raghavan (16) reported stimulation by lumichrome of two-dimensional growth in gametophytes of ferns in the presence of specific inhibitors. However, the fact that free lumichrome, once formed, does not disappear rapidly from shoots placed in the dark for 4 hr makes it unlikely that lumichrome itself mediates any photoresponse. A labile flavin, formed and then degraded, could do so.
The present report deals only with free flavins, but it would clearly be of interest to look for light-induced alterations in the coenzyme forms of riboflavin, both free and bound.
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